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(57) Abstract 

This invention provides a liquid crystal achromatic rotator switch, and an achromatic shutter using the rotator switch. The rotator 
switch requires input light of a fixed orientation and switches between rotating the polarization by zero degrees and by a fixed angle. 0. 
The achromatic shutter uses an achromatic 90-degree rotator switch positioned between a pair of polarizers. A first embodiment of the 
rotator switch comprises one planar-aligned rotatable smectic liquid crystal half-wave retarder (11) in series with one passive half-wave 
retarder (21). The smectic liquid crystal cell (11) has fixed retardance and is driven between two orientations for off- and on-states. A 
second embodiment of the rotator switch utilizes two variable birefringence cells having fixed orientation and variable retardance. In the 
off-state, both retarders have zero retardance, and in the on-state they have half-wave retardance. 
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(2 ) 11-515117 

o^asgteffl^ t , trie n o«ESrr* 19 , mia e avhfc tt, 

K#tl^#MffiiSM3fcK# LT ai =3^/4 - (-1) n e + n / 4 T-@Eft 

2. 0^ e ^ 5jg-e&&fl*S 1 KIB^E^^^ 

3. 0 ^ € ^ 3 ft &&ft;£J3 2 KfBit<7>|l]i}S^*'f 

4. /?= 9 0K-e*>*»^l KIB*OEI*s^-f 

5. tir|S^^{±SmC*^ B B H -e^'5> «i=jr/8 + e-C**K «2 = 3ir/8- 
/l 6 + e -e*s»^^7 KfESBtoEUg^.*-* ? 

9. 0^ e ^3J^-e*^>»^8 KUWLwm&'f-x-J 

1 0. m Eiftfi tt S m C \ SmA\ rM* K-t"? K • ^'J ? * * ■ 

h 'J ? ^XtfT* 9 S L CfrhftZ ^JI/— 3MR 3 tt.&fi3tig 1 I- 
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, tf-oOJKKBBftSft*:^ 1 OtfSHiSfrJ-fc. HfBia^E^W yf-<^m^^SBS 
16. £ = 9 0 J^-e&&tf:£:S 1 5 tc|a®<D^.^ L->^ y 9- 0 

1 7. flrffi»Si±Sm c *k «i«*/8+«-e*tK ^=3^/8 

18. o ^ e ^ 3j^-c&&tff*a i 7 maicofe-ML->^ ? ^-o 

19. o ^ e ^ 5j*-e&&fi:£^ i 6 nia®^-fe-Mb->^ * 9-0. 

2 0. 0 ^ e ^ 3J^-C*^M^* 1 9 7 

2 1 . iffiSfttfi ttSmC, SmA\ f^h-T^'^'J'^n ■ 7xnx 

KfBfcO-fefB b -> * v * - o 

2 2. tlT|E?fta»iSmC*ffl[S-C**ll^l 6 US' 

* y * — o 
■V y ^ — o 

2 5 . m%m2<D^%^-\±^%^--u^^') v zm-^m. 1 6 K»t^fe 

?H U -> ir v 9 — o 

2 7 . 1 6 n?B«<DfeM Lf*y*-h> mzm^^-i v 2 <7> 

-I 
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2 9. ff|E^2(Om^<7)^lC@em$aTV^^3 <oWBfik%frk> «SB$3 
<nm%&JSL tffc 2 (75 H SBS £ *LT v^S # 3 <D St&titfB^- t '* *i" 4 It 

31. i KfE!£?>isi4s : ?;*>f y^t, roEUs?*^ ? f-^nirfrfcgessfr 

3 2. /? = 9 0JK^**fS*« 3 1 HiaaofiJ3fc^-f ?f« 

3 4. mJia*7-'(S3fe^{±#^,iIM3fe-5 1 -r^>^M^3 3 ^1Eic<^*9- -7 

WKB^XBfflLL, Z2>7V*>?V -mfcW&AH? > 2 oS^«3ttt 

3 6. mmmi ^^^m 2 (omit^^^K^f} 7-m^x^^>m^m 

3 3 KfE&CD * 9 - • 7^;V^o 
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)V9 * 

3 9. M*«4 HiaK^il^^^ y^&^l/M^te+l^-Sr^U [WI1/4 

4 0 . 3 9 KiZmvteS&XJ iftfB 1 / 4 jtfE«ttffi^©<(t*KE 

HrffiBU&iHSfcfcttLT = 4 + (-1) " « - n »r/4-T?Elta3*lrt:$&l 

<7>?£ B B B pmf£*B^- fc > iiirfE n *> s #Mio&tk-c& ^ , n&fe e *vha ts>* ttt, 

STfrsmffl^aTOMIWHStefctt Ua 2 =3^/4 - (-1) " e + n 7T / 4 -C 

u 9 - ^ > <om-em prt^-c^) s -r. t 

4 3. 0 ^ e ^ 5JKt i 2b^>W^a4 2 lilEftOlaKE^^W ? 

4 4. 0 ^ e ^ 3J^P-e$)2>W^^4 3 HlB^colaI^^^.-f 

4 5. /? = 9 0gtX-3bZ>m$.T%4: 2 KfaftOEHnVf-* >f 

4 6. /? = 4 5 J£PT?& & ft*:® 4 2 fcfBftoEHE-^W ';f e 

4 7 . UtrSESS 1 <« B B B #fB^&*/^2 <« B B B tefB^te**v-7*@£^ Lrt:*^ 

^ * * ^nc^^ y 9 n /i^tafiffl^xv*^ # >n e ? * sera l 
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(allK^-^.'f y •f-o 

5 1. /? = 9 0J^-C*)^W*^5 0 ^laR^feMLv-^ y *-o 
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(Achromatic polarization rotator switches) £ N l^llll^^X'f 

t B B a (LC)f/MXli*7- • ^ITCrtB«3fc ; f#7'f (Tuna 

ble polarization interference filters) % h • ^JV^&U^-^igilil^lP 

fir^ (Liquid crystal retarders) o-fegFJi|^?8[S^ffidF-^-5J^SItgL#& 
J*<^ h /Hfifl*Sr*0ffii-4o 2cwIS, gp*,. (1) fll^tt^lf^fftt 
-C* fc-fl-lfc t , (2) .'J?-f->3>^S4 R*KiftlE«#tt (bcplicit inv 
erse wavelength dependence) £: #*2£:g:tfc<7>i&gJiJ^ BP* ) ^,Jgl'i^#S'S.^1" 

-f^f^KTCSJtt^o 5p?5E9!l**Lfc*9n/^j< **fcfi- (Chiral Sme 

ctic Liquid Crystal fLTC S L C ^tn) LT»*5t®fi-S^ 
5^c75T^n-^TJi, LC*ftft«©W^^^- (Molecular director) 

H fe & o ^iS^ 'J * - 7 > X + ^«ft (Half-wave retardance center wa 

velength) l±$}ftfe&K3s\f&Mj<Z%t&^*MM-T'< < SI^S ti"CV>& 0 x W * 
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So 0 2 ii 5 0 0 nm#tI«tfffltS^*^C S LCvt? ^-con^tf^ 
o ^- (HM^ffiM&IUfSWO 9 0/0 9 6 1 4^ ( 1 9 9 0^) ) 

JiJ^. ^V-^-V^h-}--^ (S. Pancharatnam) H «£ S Proc Indian Acad. Sci. A 
41,137C1955]^«$jtT^4BfeAfc, 3--< . J^A. fJV (A.M. Title) £ 

J&Appl. opt. 14 229[1975]^|g^$^-cv>S^t, v^-f. 

(CD. Koester) nj:^], Opt.Soc Am. 49 405, [1959] H|5^ £ tlT V 5 

h-r&lt&M IsfiLffi^t LT«t&-*"* 3ffltft#* F^^l-i-l 
jjtLT^&o 3^fi^^ h 9^^--V-f±[W|— W^^-C-ft^ft^Jjfc? fltz 3 o<7> 
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&#^2*t£: (^B#WmM^O 8/4 1 9, 5 9 3^-#BS) „ £<7V?>f-^7 
(Linear half-wave retarders) ^I^titT* § & CI t £ nxx ^ — f±H7F U 

So 4 1 5 -7 0 0 nmC«IC9 7 %VXJi<7>* y^WM^^M^m^m 
•f&im&itfefcMML. ^04 5 5- 6 3 2 nm«I(0 5 0 0 : 1 co^-f • =r 

f ^ tit S *HK < fei L ■> t y *-£t£fi-U fr^%<nt&l3 
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-f-l^iE^E LT@2S? ttTv^i> 0 t,* ^Wium^)V\t— 5e<7>'J 

Jt££K1-&5WMM«3ti-TJ3VK El5*;Mt4*n ■ tf-^-ttffl^ (Zero-ord 
er retarders) ^c^K^-C^^ -£ & f£ B £ 5e £ £ o 7* * i? <f- v 9 

9 Y D v 9 (Distorted Helix Ferroelectric^ B&LTDHF Lfo-T2>) W~mk, 
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m 2 ami o>f* ? * - e> * > jrsMw *s »t & aVe*.-* -^fj v^Lfcffi 

12 3 (12 3 a ~I2 3 c *^tf ) ii 1 o^§Hif£ffi^<JD ( a ) U^Xtf ( b ) KT 

o 

[2 5 (12 5 a&tFIS 5 b £#£f) li (a) n = 0 4 5 ftEH£^*>f 

ft, (b) n = 1 4 5flEBII&?-^-f 9ffc £-£*t-?-**i^-r$R!0-e& 

o 

B6it (A) «#4CSLCVt-^-i,. (B) e = 0 **-*-*fea3 LEUS ■ 

(C) c = 2. -5Jft*#f ifeWLEfcHP-:'-** *~fcfcJs"tf 

12 9 (12 9 a 5.^12 9 b £^tf) i± (a) S^'fc^^fcffiSS frfclK8fc<*>fil* 
^OK^^Si"* ir / 4 T?Elfi] 3 ftfc lo^CS LCt^t, (b) SV*fc¥ 

tT>- bbs $nfc^Sc^3fc-?<^M^fii-i fern tia^^-r t k *s »t & aa 

12 1 0 ti[2 9 b£>->^ ? ^-(OiBI^^^Tt^-^t^Il^isltSX^^ hJl^ftl/* 
7^58 H ait**'** h;v*^i-^9-7-C*S 0 ra^^^JiSEv^ataW^^K) 



(12) 1 1-515117 

nmMftCS LC (-f-pUV? (E-Merck) ©ZLI- 3 6 5 4 ) -Effi^t, 
-yh~ (Nitto) 04 o 0 nm*'U bfcffl^J: Sr^ffl LTB)£ 3 ft 

o ^ftMft^vMtllt 6 0 0- 8 5 0 nmOt£HK/A#& 2 5 0 nmW*£i3V> 

Tl. 0%*itit#$atv^ o 

•T *4 X £ fret o L C t >f * ± K is tt & ffitt 12J# x. lil£fflfJ*3&a * £5 It $ -£ 
B±i:|*LTV»4, 'J ^ 2 o^^W-C^D^XLPTfg^^^^ I^J 2 o 
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y . * — • 7 s '-i s<yT>V X (First order dependence) $ Ik^t/b^-r*^ 
<< 7*1sMi-&o *£oT\ jt^7~ (Transmitted power) \± $ Ktt-?&-t* 
y K . jj- — ^— . 4 -n!.y 7 (Second order dependence) £^£&V^ 0 
9 OJSIsl^y- (90-degree Rotator) 

X*MK^LTr/8 + e -C@eiRl$*tT^l5, (Small angle) 

e as.5KottHt?**o «*<Hfo&fl.O'ft«>»£\ 9 0J£(@|JfSte 2 o©**t# 
LTiE«l>c»J*«*i4 0 £eoaj£**f!*Lfc*^, 'ttffcflrJ*a*iB:*:i-&o L#L 

l£fti£g (Half-wave design wavelength) tej^HoKjfl^i&Kllo^T 



C14) 1 1-515117 

jL*:&ik<Dtm-e*> u o raffcB-fcffl-j-fiVflBEsni s s m c * vfcji&o* s 
) ffcst, fcfemm. i &m& t , r*?)i>c slc t*&tr 0 fiLffl?H'p%< ti> 

c?V>t\ 14 « 2 X « * ' **trtKSk<oBBlSQOWI-cat«lEl|S-r&^ 

jftj® (Bistable states) a^tf^' <7>M-Ci2l#:bSj5^ £ (i 2 o J^±<^^ 

(i-fMI^Je'ffcS ti.fc^^:<7>@Stn] (Surface or volune stabilized orientations 
IS 3 a ifciSl5fe*H4ir/4 + 2 « ©Aflr/£tflH*s3**i&S 

* £ fe<b-r * a k te -c * * o **;r i/£ ibft ffl-^o serRj k as »t * *4 

£fc*3SU HII2£l±iSr* L<J40. 5 JKJ: *)/h? v» 0 
INMfcH-fl-fc, 7^5- (Mylar) ^ {4>tf 'J * htpoKfttfU ■ 



(15) 1 1-515117 

»t*JM9 I J'*-a r >.* (Residual retardance) icfeg-T^ d bUfi&^o &%i<V 

C S LCS#* (W - * * * 5& s M5E-r S ZL -1 -36544 fcli'SCE - 1 3) 
i V) ffiv>tKJB*r5Hft Sr^T* j£ 'J * - s y 3 > (Difference retardation) # 

tt*i±mW}&W?-?%Zo **fc<03Bli«5fll«-Cli, ^^fltfry-WtSRtffcffl^ 
«S1 Offiffl^Jilfettffiffl-y-C** (S3 b#M) o fc+B^-2 Hi 3 */ 

-f 

*U ffiffi^2 2 it 3 ir/ 8 - e -C@eiaj?ttTV^ 0 ^Ifctfc^ (-IfnlSlp]) I4M 

HI 3 aSTOS bO*tt^38ttia 3 c (0$m<DWBt * ^ 1 1 



(16) 11-515117 

-feyg L -> ^ y ? - 

V^ 0 t£o"C, x«3fc$it/tA*3fcj||»i«t*«3fc? (Analyzing polarizer) ^ «t 
— I^Iel^^ (General Rotator) 

ai = £/4 + e (1) 
a * = 3 /?/ 4 - e 



(17) 1 1-51511 

t^-Cf^ 2o<7)fii^i3, 2 3liH5aK*tJ:^P«i ss it/l 6 + «X 

«i' =-5 1 r/16-e^fx.5^ 2 7tti^2 <7)fi:+i^$r a j* =9ir/l 

6 + e^-mW-Z-Zo Z-tlh(D^-fft<DW;£-K&^Xi>, 3felt<0 3 «■ / 8 + 2 e ( 

■ 

«i=j9/4 + (-1) " e -n*/4 

a*= 3 /?/4 - (-1) ' e + n »/4 

«j'=ai + 7r/'2 
^7t(iai' = ai + jt / 2 

^ = 4 5lf*oT, )}»0n=10», 2 1 4 , 2 

4 (±0 5 b K7jk-$-£ ? K ai = - 3 ir / 1 6 - e $.0* az = 7 fr / 1 6 + e ^-€"*L 

$ tz\*m2 <7?ffifflT-Sr «*' = 5 n / 1 6 - e ^Wx.* 0 
— ElRF*42V»»-fflE-*-4*lRl^7 iz/Z-2 efzlf®&Z*t&Z.tKJi-?r$km> 
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UkT<O^X\ts ^7rf-;VK*2^g«9 OBtmttX'l 7f (Two-wave 
plate 90-degree rotator switch) &&£X&Tik~t2> a - >-Xfr?!l£Bfi!oi"& 

-t^C, 3>7'V'^^^ • iiJ^r-'>T> • (Complex cartes 

ian field amp! itudes) £ 2 ^g^^. >7^f t-^^hLT feffirt 2>i?a->X 



W =W (r 2 , *0 W (Ti, «0 



+ a 1) / 2 t-C2b&o 




~Cr<fc S o 
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a i = a * a 2 = 7T / 2 — or 



w* 



a |b le**^ 
k -|b|e- s * a 



(2) 



a = sirf /2) + cosC4 a )cos J /2), 
b =sinC4 tt )cos 2 /2) +isin^ sinC2 a ) f 



^ =tan- 1 [sec(2 tf )tanC$ /2)] 

9 0JM3fcB*s*>»£\ «= U/8 + e) -eab V) ^ 

oi = ir/8 + e , 82 = 3ir/8 - e 

to* 2o<75^g fcj3V»T\ ^5^*9 Oj&BJE^i LTtStgT S BUEs^i^J* L# 
Ton (5) =1 - sin 2 C<y/2) ( 3 ) 
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53* (0ff-<li agonal component) , ip*,, T C<J . e )=lb| 2 K£ oT-^-x. frLS 0 £ 
TonCs , c ) = l-[sirf Cs/^-cos* C«y /2)sinC4 6 )]* (4) 

^&£<> e = 0 £5£4-^A1-&£ £ n J: 19 , s.^KU3*-r&m$L<vi%*/t : ?<D 

T C«j ,0)=l-sin 4 C,y/2) 

+ 

ti£2<o#ffl^fcJ:oT*i|fifc»«3sl'iao * fciti-*?**-* • • T 

js<yy*y* (Fourth-order dependence) t, <£ •) Clttli 1 o<7) 

sinC4 € )=tarf Cs/2) 
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k & \f & $ ti z o <o m % * & 2 <o v a - > xff A-r & c 

tSML->ty^-Oi^ 2Mtt2o©iifcJ£»wi3V»T]g3fi<jfcl 0 0%"C 

(Transmission dip) fc^,*. i *Ui e <0-fit$>i#;*:a*R 

Ton CO, e ) = COS 2 (4 e ) 



e -» 2 ■ 5Jftfc*5»t*3i&l»3&lil2 6 C i:/o y y ?n.T^4 e ? Mitt 

i*L»iayS«ffl-tfeKMi-S^- • *f>U (Wu's model) (Phys Rev A33, 1270 
[1986]^H^) ^ftXmtT&t). imaoTfef|LfgA...©ittUt 



-C&So ZLI- 3 6 5 4 ^60^^ * C*tJ'fl-ttSfi'C2 

£ t «fc «9 > i*Ui Ab = 4 3 5 nmSy ! A«= 6 1 5 nm (17 9 nm<7)X^^ 



O 




(5) 
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• S0 ! A»*ia*j : fOiailftlfil«x?yj:iV5 , Cjtttt4ftll'e*4. 2 o<7) 

ax=7r/8+e» <i2=5 7r/8 + e 

(5ir/8 + e)Sy r, ^-f-Vg>A= (J 2 -*i) Sr^t" SSi^teffl^ t 

"t ^> o 

A = „ k | "<* a -*§)(*? -*?> " 
A 0 [(A Z - a; 2 )(A 2 -A2 2 ). 

tioT4it^*i, A i * S. V A 2 * f* 2 -o<oU^<o^ U V *P,S$g £ tt-etL^ 
-to y ?-<Q*7ftMKttLXm®2titz&faK&^S£^ -J a - y Xffyfl 14 

T OFF =V2[l+sin(4 e )]sin 2 ( A /2) 
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Ml 

Tg"«3fc*&ffifi*->ir y *-?)t^V '/KonffliTK^ti. 
ffcea : A * = 2 4 3 n m 

SKli£ffi^ : A * = 1 8 6 nm «r*T & - y b-NRF'f J*- - h 
SSW-Stft : A o = 5 0 0 n m 

h JVfSH : 4 3 0 - 6 8 0 nmCiS^t 9 7%*»t2»* 

=r>h^xhJt;: ioo : l Jft/h 

7) cDM-e^Hr^ C S L C rt s i!i2J i: v> £ & o ^Ij^ffi-T-^ (£i&te*B^ 
7^;VA) »4A^7fll3fe : ?-^«-LT2'5af"rElRlSi*LTV»S 0 H 7 XC^H 8 (ilfflE 

Jtfc J: oT5e^£*iS 0 |H7 ic^i-J: } fc, itili4 1 5nmi:, 7 0 0 nm£ 

HM6K**I6LTV»*. lti!i!*gfi<jt IT, 5 0 0 nmC^ittSt^WC S 
LCyt';^-li7 0nm (4 69-539 nmOfEH) CO 9 7 %^itm^^-f 

m (455-632 n m^tEffl) i:fc^ot5 0 0 : 1 **&-MISfc*ii#3 *U 2 
6 2 nm*Mi-$EHC4 3 8 nmfrh 7 0 0 nm£jte1-i£H 2 0 0 I 
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nm (438-400 nm^ll) C^WT, 3>>5^Mi2 0 0 : 1^5)3 

* y ^-**K^J:o-C«SELfco C S L Cf^M * »i 4 - * ^ * JR3K 3 Jt 
TV»4 Z L I - 3 6 5 4 tT»« Lfc. I TO WVy^A-xXI 

Ib^J) tt«U4 4mi 1 (7)I??<7)^^^^-W n> 6/6-e^t°^ • a-T--f 
$ fcfc&SfliU&fc — ^fpJ^ve^^SLfco 1. 93*nv<£>jtg 

v^TC'M^Lfc. *£*P*&, I TO KflStfTU f 

Lfco C S LC-bJWi&5 0 0 nmt*V>T*fI'J ^-^V^fc^LT^fco 
StMPfrSfelfc** U iJV5^nry ■ (Oriel quartz halogen lamp) 

o fcH^fi-fV-M *<7)#®i . 2O(07V^Jl'B^y ! 2O(?)IT0 7-f JVAlCtJ 
7 h $rl^ih1-^< > 7W ^fc*^* * ;K*> j£3£4HC 5 MHz <D^W^X 



(25) 1-515117 

« 

£*>El*J-r , 7*'*'f**HjSU *»oaEilaSaFSr l H z*M^«^$*/So •=■ ^ I- 
fflSMR) (5 0 0 nmW«S) £ jrVt-f Ji^ES L, it^mW^^nm. 

[S 9 b & 1/ gl 1 0 ti-feffif L0<i : ?O 3 Pff'«3fe?-aa^**i"o Hlft^^^f 
£*9 0JKH$E^T2b*^ W-y^^^ffl-r^ iM:J:otyY7 9 — <n>* 7 
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CLAIMS 



[Claim(s)] 

The linearly polarized light by which orientation was carried out to 1.0 degrees is accepted, and it is the 
achromatism polarization rotator switch to carry out include-angle beta rotation about this acceptance ****. 
With the 1 st half-wave length phase child by which orientation was carried out to said linearly polarized 
light by alpha l=beta/4+(-l) n epsilon-n pi / 4 Said n is a non-negative integral exponent, and Above epsilon 
is corniculus With the 2nd half- wave length phase child stationed succeeding said 1 st phase child said — 
with orientation of the 2nd half- wave length phase child being carried out to said linearly polarized light by 
alpha2=3beta/4-(-l) n epsilon+n pi / 4 It is an achromatism polarization rotator switch including one side of 
said two or more phase children being a passive phase child, another side being a pivotable liquid crystal 
phase child, and the liquid crystal phase child in whom this rotation is possible being pivotable to said 
passive phase child to pi/2 of the 2nd orientation. 

The rotator switch according to claim 1 which is 2.0<=epsilon<=5 times. 
The rotator switch according to claim 2 which is 3.0<=epsilon<=3 times. 

4. Rotator switch according to claim 1 which is beta= 90 degrees. 

5. Said liquid crystal is a rotator switch according to claim 4 which is SmC* liquid crystal, are 
alpha l=pi/8+epsilon, and are alpha2=3pi/8-epsilon. 

The rotator switch according to claim 5 which is 6.0<=epsilon<=3 times. 

7. Rotator switch according to claim 1 which is beta= 45 degrees. 

8. Said liquid crystal is a rotator switch according to claim 7 which is SmC* liquid crystal, are alphal — 
3pi/16-epsilon, and are alpha2=7pi/16+epsilon. 

The rotator switch according to claim 8 which is 9.0<=epsilon<=3 times. 

10. Said liquid crystal is a rotator switch according to claim 1 chosen from the group who consists of SmC*, 
SmA*, a DISUTOTEDDO helix ferro-electric, and achiral CSLC. 

1 1 . Said liquid crystal is a rotator switch according to claim 1 which is SmC* liquid crystal. 

12. Said passive phase child is a rotator switch according to claim 1 which is an extension polymer phase 
child. 

13. Said passive phase child is a rotator switch according to claim 1 which is a polymer liquid crystal phase 
child. 

14. An achromatism shutter including the 1st linearly polarized light child by which has been arranged 
ahead of a rotator switch according to claim 1 and this rotator switch, and orientation was carried out to 0 
times, and the 2nd linearly polarized light child stationed behind said rotator switch. 

15. Said 2nd polarizer is parallel orientation or an achromatism shutter according to claim 14 by which 
rectangular orientation is carried out to the 1st polarizer. 

16. The achromatism shutter according to claim 15 which is beta= 90 degrees. 

17. Said liquid crystal is an achromatism shutter according to claim 16 which is SmC* liquid crystal, are 
alphal =pi/8+epsilon, and are alpha2=3pi/8-epsilon. 

The achromatism shutter according to claim 17 which is 18.0<=epsilon<=3 times. 
The achromatism shutter according to claim 16 which is 19.0<=epsilon<=5 times. 
The achromatism shutter according to claim 19 which is 20.0<=epsilon<=3 times. 

21. Said liquid crystal is an achromatism shutter according to claim 16 chosen from the group who consists 
of SmC*, SmA*, a DISUTOTEDDO helix ferro-electric, and achiral CSLC. 

22. Said liquid crystal is an achromatism shutter according to claim 16 which is SmC* liquid crystal. 

23. Said passive phase child is an achromatism shutter according to claim 16 which is an extension polymer 
phase child. 
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24. Said passive phase child is an achromatism shutter according to claim 16 which is a polymer liquid 
crystal phase child. 

25. Said 2nd polarizer is an achromatism shutter according to claim 16 which is a polarization beam splitter. 

26. Said liquid crystal phase child is an achromatism shutter according to claim 16 which is a multi-pixel 
liquid crystal phase child. 

27. The polarization interference filter which has an achromatism shutter according to claim 16 and the 2nd 
passive phase child stationed between said rotator switch and the 2nd polarizer. 

28. Said 2nd passive phase child is a polarization interference filter according to claim 27 by which 
orientation is carried out at **45 degrees to the 1st polarizer. 

29. The polarization interference filter according to claim 27 which has the 3rd linearly polarized light child 
stationed behind said 2nd polarizer, and the 3rd passive phase child stationed between said 3rd polarizer and 
the 2nd polarizer. 

It is Arranged between Polarization Interference Filter According to Claim 28, and Said 2nd Passive Phase 
Child and 2nd Polarizer. To 1st Polarizer 30. With Parallel Orientation or 3rd Passive Phase Child by Whom 
Rectangular Orientation is Done the 4th passive phase child — having — said » the split component filter by 
which the 4th passive phase child has the same litter dance as the 2nd passive phase child, and is arranged 
between the 3rd passive phase child and the 2nd polarizer, and orientation is further carried out at **45 
degrees to the 1 st polarizer. 

31 . The polarization switch which has the 1st linearly polarized light child by which is arranged ahead of a 
rotator switch according to claim 1 and this rotator switch, and orientation is carried out at 0 times. 

32. The polarization switch according to claim 31 which is beta= 90 degrees. 

33. It is the color filter said whose the 1st polarizer or 2nd polarizer it is arranged behind a polarization 
switch according to claim 32 and said rotator switch, and has parallel orientation or the 2nd linearly 
polarized light child by whom rectangular orientation was done to the 1 st polarizer, and is a color polarizer. 

34. Said color polarizer is a color filter according to claim 33 which is a multicolor linearly polarized light 
child. 

35. Said color polarizer is a color filter according to claim 33 which has a neutral linearly polarized light 
child and the phase child stack arranged between this linearly polarized light child and a rotator switch, and 
is set up that the quantity of the phase child in this stack, and each phase child's litter dance and orientation 
should spread an additive-primary-colors spectrum in accordance with the 1st polarization shaft, and should 
spread a complementary subtractive-primaries spectrum in accordance with the 2nd rectangular polarization 
shaft. 

36. Said the 1st polarizer and 2nd polarizer are a color filter according to claim 33 which is a color polarizer, 
respectively. 

37. the 2nd rotator switch arranged behind said 2nd polarizer — said — the color filter according to claim 33 
which is arranged behind the 2nd rotator switch and has parallel orientation or the 3rd linearly polarized 
light child by whom rectangular orientation is done in the 1st polarizer. 

38. Said 3rd polarizer is a color filter according to claim 37 which is a color polarizer. 

39. The enantiomorph switch by which it has a rotator switch according to claim 4 and a quarter-wave 
length phase child, and this quarter-wave length phase child is stationed behind said rotator switch, and 
orientation is carried out at 45 degrees to said linearly polarized light. 

40. The color filter which has an enantiomorph switch according to claim 39 and the 1st cholesteric circular 
polarization of light child stationed behind said quarter- wave length phase child. 

41. The color filter according to claim 40 which has the 2nd cholesteric color polarizer arranged behind said 
1 st cholesteric color polarizer. 

The linearly polarized light by which orientation was carried out to 42.0 degrees is accepted, and it is the 
achromatism polarization rotator switch to carry out include-angle beta rotation about this acceptance *♦**. 
With the 1 st liquid crystal variable-phase child by which orientation was carried out to said linearly 
polarized light by alpha 1 =beta/4+(- 1 ) n epsilon-n pi / 4 Said n is a non-negative integral exponent, and 
Above epsilon is corniculus With the 2nd liquid crystal variable-phase child stationed succeeding said 1 st 
phase child said — with orientation of the 2nd liquid crystal variable-phase child being carried out to said 
linearly polarized light by alpha2=3beta/4-(-l) n epsilon+n pi / 4 The litter dance of said 1st variable-phase 
child and the 2nd variable-phase child is an achromatism polarization rotator switch including a coincidence 
change being possible between zero and a half-wave length litter dance. 
The rotator switch according to claim 42 which is 43.0<=epsilon<=5 times. 
The rotator switch according to claim 43 which is 44.0<=epsilon<=3 times. 
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45. The rotator switch according to claim 42 which is beta= 90 degrees. 

46. The rotator switch according to claim 42 which is beta= 45 degrees. 

47. Said 1st liquid crystal phase child and the 2nd liquid crystal phase child are a rotator switch according to 
claim 42 chosen from the group who consists of the nematic liquid crystal phase child who did 
homogeneous orientation, a nematic pi-cel liquid crystal phase child, and a smectic liquid crystal phase child 
who did the homeotropic orientation. 

48. Said 1st liquid crystal phase child and the 2nd liquid crystal phase child are a rotator switch according to 
claim 42 which is a nematic pi-cel liquid crystal phase child, respectively. 

49. The achromatism shutter which has the 1st linearly polarized light child by which is arranged ahead of a 
rotator switch according to claim 42 and this rotator switch, and orientation is carried out at 0 times, and the 
2nd linearly polarized light child stationed behind said rotator switch. 

50. Said 2nd polarizer is parallel orientation or an achromatism shutter according to claim 49 by which 
rectangular orientation is carried out to the 1st polarizer. 

51 . The achromatism shutter according to claim 50 which is beta= 90 degrees. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Field of achromatism polarization rotator invention which can be changed This invention relates to the 
achromatism polarization rotator switch (Achromatic polarization rotator switches) which has two phase 
children stationed continuously, and the shutter and filter which used this rotator switch. 
Background of invention The liquid crystal (LC) device is used that the active structure of a large number 
containing a color shutter, the polarization interference filter (Tunable polarization interference filters) 
which can be aligned, a light valve, and a compound amplitude modulator should be formed. However, a 
liquid crystal phase child's (Liquid crystal retarders) chromaticity restricts the spectrum band region where 
this liquid crystal phase child may function appropriately. The distribution which are two factors, i.e., the 
wavelength dependency of (1) dielectric anisotropy, and the clear reversal wavelength dependency (Explicit 
inverse wavelength dependence) of (2) retardation affect the wavelength sensibility of a wavelength plate, 
i.e., a chromaticity. Both [ these ] components increase the retardation in still shorter wavelength. The 
birefringence ingredient which forms specific retardation in design wavelength forms larger retardation than 
the aforementioned specific retardation in wavelength shorter than design wavelength, and forms retardation 
smaller than specific retardation in long wave length from design wavelength. 

The conventional polarization switch which uses a pivotable liquid crystal device is explained in full detail 
below so that the effect of a phase child's chromaticity may be shown. By the conventional approach which 
intercepts a beam of light using the chiral smectic liquid crystal (it Chiral Smectic Liquid Crystal and omits 
and CSLC is called) by which the flat-surface array was carried out, he is the molecule director (Molecular 
director) of LC half-wave plate. 

It changes between 0 orientation and pi/4 orientation to two or more rectangular polarizers which adjoin as 
shown in ****! . Half-wave length litter dance core wavelength (Half-wave retardance center wavelength) 
is chosen that the maximum permeability in operating wavelength should be realized. In the display and the 
camera, half-wave length litter dance core wavelength is chosen that the optimal range of a visible-ray 
spectrum should be realized. However, ON state bandwidth forms unsuitable transparency of red/blue in a 
usual state a narrow top. Furthermore, the variation of the small spatial thickness of a CSLC film forms the 
big color variation which can be checked by looking. Drawing 2 shows the ON state permeability by 
Computer modeling of the conventional CSLC shutter which uses 500nm half-wave plate. A model includes 
the effect of birefringence distribution. The chromaticity with a going too far shutter is shown, and 
permeability is 2-double-changing in a visible-ray spectrum. 

active [ containing two or more active elements / still more elaborate ] — achromatism — structure is 
indicated. Dahl etc. is indicating LC shutter which used color compensation (the [ international patent 
application public presentation ] WO 90/No. (1990) 09614). Two analog CSLC half-wave plates are 
arranged between the polarizers of the pair which intersects perpendicularly mutually. Two half-wave plates 
are modulated to the symmetry that an achromatism response still more effective than a single eel shutter 
should be realized (that is, the 1 st half- wave plate and 2nd half- wave plate are set to Orientation theta and 
orientation 90-theta, respectively). Since this device needs two active CSLC eels, this device has not 
realized the extensive application. 

The paper with which chromaticity compensation which used two or more passive layers formed from the 
same phase child ingredient, respectively is indicated by Proc.Indian Acad.Sci.A41, 137 [1955] by S . 
puncher RATONAMU (S. Pancharatnam), The paper indicated by Appl.opt.l4,229[1975] by the ray . em . 
title (A. M.Title), J.Opt.Soc.Am. by C . Jay . KOESUTA (C. J.Koester) - it shall be indicated by 49, 405, 
and the paper indicated by [1959], respectively, and the contents of these papers should be indicated in this 
detail letter with this indication 
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Puncher RATONAMU is indicating 3 wavelength-plate structure which functions as an achromatism phase 
child. 3 wavelength-plate structure consists of three films formed from the same ingredient, respectively. 
Furthermore, the design parameter is offered that formation of the device which has the litter dance value of 
arbitration should be made possible. In order to form the compound phase child of puncher RATONAMU, 
requiring at least three components is the point which should be noted. 

By rotating mechanically the achromatism half-wave length phase child unit of puncher RATONAMU, the 
reorientation of the linearly polarized light which is not influenced of wavelength is possible. 
Electromechanical rotation of this kind of compound half-wave length phase child is used that the 
polarization interference filter for astronomical imaging spectrometer should be adjusted, crossing 
extensively. Of course, this solid state version may need the electro-optics-rotation with which three phase 
children synchronized. 

The easy solid state achromatism phase child was invented by Sharp and Johnson recently (the [ United 
States patent application ] refer to No. 08/419,593). The phase child who used the phase child unit of this 
puncher RATONAMU as the base has one pivotable LC half-wave length phase child who adjoins two or 
more passive half-wave length phase children. In few numbers of specific orientation, both the 
aforementioned artificers are indicating that effectiveness for effective rotation of the optical axis of the 
whole structure with sufficient rotation of one component is shown. 

Two or more half-wave length phase children containing the half-wave length phase child unit which 
consists of three components of puncher RATONAMU change the incidence plane-polarized-light beam 
which has the orientation theta of arbitration to phase **** into the beam which has orientation-theta. 
KOESUTA is indicating that an "achromatism rotator" can be formed using two straight-line half-wave 
length phase children (Linear half-wave retarders). An achromatism rotator needs the input polarization 
which has fixed orientation, and rotates the plane of polarization of this input polarization at a fixed include 
angle. However, unlike an achromatism phase child, the incidence of the polarization which has the 
orientation of arbitration cannot be carried out to an achromatism rotator. Therefore, in mechanical rotation 
of a wavelength plate or solid state rotation being able to make the function of an achromatism rotator an 
invalid, the active change of a rotator is not indicated. 

Outline of invention This invention offers a liquid crystal achromatism polarization rotator switch and the 
achromatism shutter which uses this rotator switch. A rotator switch needs the input beam of light which has 
fixed orientation, and changes rotation of polarization between whenever [ zero ], and the fixed include 
angle beta. The achromatism shutter is using the 90 achromatism rotator switch arranged between the 
polarizers of a pair. The achromatism shutter based on this invention which realizes 97% or more of ON 
state permeability with a wavelength of 415-700nm after the standardization about polarizer loss, and offers 
the high contrast with a wavelength of 455-632nm of 500:1 was designed, and the capacity was proved. This 
device is formed using commercial LC mixture and the phase child film (phase contrast film) which consists 
of a low price extension polymer. 

The rotator switch based on the gestalt of the 1st operation has one pivotable smectic liquid crystal half- 
wave length phase child by whom the flat-surface array was done, and this half-wave length phase child 
follows one passive half-wave length phase child, and is stationed. A smectic liquid crystal cell has a fixed 
litter dance, and drives it between two orientation corresponding to an OFF state and an ON state, 
respectively. As for the rotator switch of this invention, the fact that the same phase contrast film of the pair 
which has the optical axis which intersects perpendicularly mutually that the OFF state which forms zero 
rotation should be realized does not change a polarization condition is used. Therefore, in the OFF state, the 
active phase child and the passive phase child lie at right angles mutually. The design formula which 
determines the requirements for a tilt angle and orientation which realize the optimal spectral range is 
offered to the ON state. The formula which governs a shutter contrast ratio is offered flirther, and this 
formula appoints the range which adjusts a zero order phase child (Zero-order retarders) in the point of the 
description. The smectic liquid crystal cell is usable in SmC* liquid crystal, SmA* liquid crystal, 
DISUTOTEDDO helix ferro-electric (it Distorted Helix Ferroelectric and omits and DHF is called) liquid 
crystal, antiferroelectricity liquid crystal, and Achiral CSLC. 

The rotator switch based on the gestalt of the 2nd operation is using two adjustable birefringence liquid 
crystal cells. Each adjustable birefringence eel has fixed orientation and an adjustable litter dance. Both 
phase children have a zero litter dance in an OFF state, and have a half-wave length litter dance in an ON 
state. The design formula fixed two phase children's orientation and same as the design formula in the ON 
state orientation of the gestalt of the 1st operation is followed. The adjustable birefringence liquid crystal 
cell used for this invention contains the nematic liquid crystal cell which carried out homogeneous 
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orientation, a nematic pi-cel, and the smectic liquid crystal cell which carried out the homeotropic 
orientation. 

The achromatism polarization rotator switch is effective for operation of the achromatism in the ON state of 
a shutter, the modulation of the polarization in a color shutter, reversal of the spectrum of a polarization 
interference filter, compensation of the color variation in a CSLC shutter, and increase of the throughput of 
a polarization control system. 

Easy explanation of a drawing Drawing 1 is a perspective view of a light shutter which has a CSLC eel 
among two or more polarizers which intersect perpendicularly mutually. 

Drawing 2 is a graph which shows the output in the ON state of the shutter of drawing 1 which carried out 
Computer modeling. 

Drawing 3 ( drawing 3 a - drawing 3 c is included) is the perspective view showing the achromatism rotator 
switch which has the pivotable smectic liquid crystal half-wave plate arranged one passive phase child's (a) 
back, and ahead [ (b) ], and the achromatism rotator switch which has a (c)2 ** liquid crystal variable-phase 
child, respectively. 

Drawing 4 is the perspective view showing the achromatism shutter which uses a rotator switch 90 degrees. 
Drawing 5 ( drawing 5 a and drawing 5 b are included) is the perspective view showing the 45 -degree 
rotator switch on which it has (a) n=0, and the 45-degree rotator switch which has (b) n=l, respectively. 
drawing 6 — (A) — an easy CSLC shutter and the achromatism which has (B) epsilon=0 — a rotator shutter 
and the achromatism which has (C) epsilon=2.5 degree — they are the permeability in the ON state in a 
rotator shutter, and the graph which shows balking from a half-wave length litter dance, i.e., the relation 
shifting (delta), respectively. 

Drawing 7 is a graph which shows the transparency spectrum in the ON state by which the rectangular 
polarizer shutter which used the visible-ray band achromatism rotator switch was computed. Structure is 
using distribution of the 500nm half-wave length LC and a polycarbonate phase child. 
Drawing 8 is a graph which shows the transparency spectrum in the OFF state by which the shutter of 
drawing 7 was computed. 

drawing 9 ( drawing 9 a and drawing 9 b are included) - (a) - one CSLC phase child by whom orientation 
was done by pi/4 located among two or more polarizers each other arranged in parallel, and (b) — the 
achromatism located among two or more polarizers each other arranged in parallel — it is the graph which 
shows the transparency spectrum in the measured shutter OFF state in a rotator switch. 
Drawing 1 0 is a graph which shows the spectrum in the ON state by which the shutter of drawing 9 b was 
measured, and the spectrum in an OFF state. It is shown that this graph is obtained after high permeability 
was realized in the isotropic condition and the neutral OFF state has rotated pi/2. 

Drawing 1 1 is a graph which shows the ON state output and OFF state output by which the achromatism 
shutter arranged among two or more polarizers which are mutually parallel was measured. The device is 
formed using the 720nm half- wave length CSLC (ZLI-3654 of IMERUKU (E-Merck)) phase child, and 
400nm polycarbonate phase child of Nitto (Nitto). 

Drawing 12 is a graph which shows the high-resolution plot of the permeability of the shutter of drawing 
11 . The leakage of an parallel polarizer is maintained to less than 1 .0% in 250nm band which spreads in the 
range of 600-8 50nm. 

Drawing 13 shows the wide-band-switching device which used the polarization splitter that a beam of light 
should be guided. The polar change on LC device invites the change of a port to which outgoing radiation of 
the broadband beam of light is carried out. 

Drawing 14 is drawing of longitudinal section showing the display which used the rotator switch and neutral 
shutter array which realize still higher beam-of-light effectiveness. It originates in the neutrality of a switch 
and two or more polarizers of each other can be considered as the parallel arrangement which arranges or 
intersects perpendicularly. 

Detailed description Two or more components in the device of this invention are connected continuously 
optically. The orientation of a polarizer means the orientation of a transparency shaft and the orientation of a 
birefringence component means the orientation of an allotropy child's main optical axis. Orientation is 
determined to the polarization shaft of the input beam of light by which the plane polarized light was carried 
out. In two or more drawings in which a birefringence component is shown, an arrow head shows 
orientation and the litter dance is displayed on the side face of a component, a litter dance — case it can 
change between two values — said ~ a comma divides and shows two numeric values on the side face of a 
component. A litter dance means the litter dance in design wavelength, and vocabulary called design 
wavelength means the wavelength in which a phase child forms a predetermined litter dance. On wavelength 
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other than design wavelength, the gap delta of the litter dance from the litter dance in design wavelength 
exists. 

Vocabulary called a fixed phase child means the birefringence component which does not carry out the 
electronic modulation of orientation and a litter dance. The pivotable liquid crystal phase child of this 
invention has pivotable orientation and a fixed litter dance in design wavelength electronically. A liquid 
crystal variable-phase child, i.e., a liquid crystal adjustable birefringence phase child, has electronically the 
litter dance (birefringence) which can be changed, and fixed orientation. Vocabulary called achromatism 
means the optical device with which the transmitted electromagnetic-field amplitude does not have first 
order DIPENDENSU (First order dependence) to delta. Therefore, transparency power (Transmitted power) 
does not have second order DIPENDENSU (Second order dependence) to delta. 
90-degree rotator (90-degree Rotator) 

Drawing 3 a is the perspective view showing the polarization rotator switch based on the gestalt of operation 
of the 1st of this invention. Since to change a broadband beam of light between two straight-line conditions 
which intersect perpendicularly mutually is desired in many cases, achromatism rotation is explained in full 
detail in the gestalt of this operation 90 degrees. An achromatism shutter is formed by arranging a rotator 
switch between the polarizers of a pair (refer to drawing 4 ). Orientation of the passive half-wave length 
phase child 10 is carried out by pi/8+epsilon to the input beam of light which polarized along the x axis, and 
epsilon is corniculus (Small angle). In an ON state, orientation of the pivotable liquid crystal half-wave 
length phase child 20 is carried out by 3pi/8-epsilon, and orientation is done by 5pi/8+epsilon in an OFF 
state. In an ON state, a switch offers the 90 achromatism polarization rotation which shows the exact 90- 
degree rotation in two wavelength lambdaR and lambdaB. The OFF state supports the condition that two or 
more opticals axis intersect perpendicularly mutually. An OFF state forms zero network retardation, and 
does not form polarization rotation. 

Corniculus epsilon is chosen that an operation in an operating wavelength band should be optimized. 
Separation between lambdaR and lambdaB increases by increasing epsilon. The desirable max epsilon is the 
value of epsilon at the time of making lambda B-lambda R equal to a band of operation. Therefore, 
vocabulary called corniculus is used [ be / it / under / this / specification / setting ] to the value of epsilon of 
arbitration smaller than the aforementioned maximum. The range of corniculus is 0<=epsilon<=5 times at a 
usual state. When epsilon is values other than zero, rotation is correctly formed to two wavelength 90 
degrees. When this include angle is increased, a band of operation increases. However, this sacrifices loss of 
the rotation effectiveness in a half-wave length phase child's design wavelength. Half-wave length design 
wavelength (Half- wave design wavelength) is chosen based on a desired band of operation. Originating in 
retardation and the reversal wavelength dependency of birefringence distribution, half- wave length design 
wavelength turns into short wavelength from the core of a band of operation somewhat. 
A pivotable liquid crystal phase child is FLC, or may be the ingredient of the arbitration electronically 
equipped with the pivotable optical axis. This liquid crystal phase child contains the SmC* liquid crystal and 
SmA* liquid crystal by which the flat-surface array was carried out, DISUTOTEDDO helix ferro-electric 
(DHF) liquid crystal, antiferroelectricity liquid crystal, and Achiral CSLC. A phase child changes between 
at least two orientation alpha 2 and alpha2\ Based on the liquid crystal to be used and the electric field to 
impress, a phase child does continuation rotation among two or more orientation containing alpha 2 and 
alpha2\ changes between the bistability condition (Bistable states) alpha 2 and alpha2', or may change 
between two or more discontinuous orientation (it is not necessary to be stabilization orientation). Two or 
more orientation located between alpha 2 and alpha2 f does not form an achromatism phase child. However, 
the orientation of this plurality can be used in a shutter that gray-scale transparency should be realized. The 
liquid crystal which has surface passivation or two or more orientation (Surface or volume stabilized 
orientations) by which volume stabilization was carried out can be used that the PASSHIIBU matrix display 
which has memory should be formed. 

With the gestalt of operation of drawing 3 a, only the include angle of pi/4+2epsilon needs to rotate a liquid 
crystal optical axis. Therefore, the tilt angle with the optimal rotator is somewhat larger than the tilt angle of 
pi/8 needed for the illustrated conventional shutter. Since achromatism bandwidth is very sensitive to 
epsilon, a CSLC tilt angle is an important parameter for optimization. Since it depends for a tilt angle on 
temperature, impression electric field, and a modulation ratio, active compensation of an operating condition 
is usable in order to stabilize a liquid crystal phase child. The error in the orientation of liquid crystal and a 
passive phase child requires that it is under epsilon, and this error is preferably smaller than 0.5 degrees. 
A passive phase child may be the birefringence ingredient of arbitration. A suitable ingredient contains 
crystalline ingredients, such as a mica or a quartz, extension polymer films, such as a Mylar (Mylar) or a 
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polycarbonate, and a polymer liquid crystal film. In the gestalt of desirable operation, a passive phase child ! s 
distribution is mostly adjusted in liquid crystal distribution. For example, a Mylar has distribution similar to 
some CSLC(s). 

As for an active phase child and a passive phase child, it is desirable that the design wavelength and 
distribution have consistency mutually. By the shutter which has two or more polarizers which intersect 
perpendicularly mutually, identically [ the half-wave length retardation wavelength of two or more 
polarizers ], distribution of the polarizer of this plurality adjusts the ideal broadband OFF state, and when 
the polarizer of further this plurality lies at right angles completely, it is formed. In fact, the leakage by the 
OFF state originates in the residual litter dance between two or more wavelength plates (Residual 
retardance) in many cases. While two or more main wavelength may be adjusted easily mutually, a residual 
litter dance originates in the difference of birefringence distribution of two ingredients at a usual state. For 
example, the phase contrast film (NRF or NRZ currently sold from Nitto) used for a display device is 
common CSLC mixture (ZLI-3654 or S C E-13 which IMERUKU sells). 

Lower birefringence distribution is shown. Difference retardation (Difference retardation) forms the leakage 
of few amounts in the wavelength of the blue/red of the extremal value of a shutter actuation band. 
In the aforementioned rotator switch, the 1 st phase child is a passive phase child, and the 2nd phase child is 
an active phase child. In example of another of the gestalt of this operation, the 2nd phase child is a passive 
phase child, and the 1st phase child is an active phase child (refer to drawing 3 b). The phase child 21 is 
being fixed by 3pi/8-epsilon, and the phase child 1 1 changes between pi/8+epsilon in an ON state, and -pi/8- 
epsilon in an OFF state. Like the device of drawing 3 a, the rotations needed are pi/4+2epsilon, and two 
phase children lie at right angles mutually in an OFF state. 

Drawing 3 c shows the 2nd example of a polarization rotator switch 90 degrees, this rotator switch — two 
liquid crystal adjustable birefringence phase children — having — said — two phase children have the litter 
dance in which a coincidence change is possible between zero and the half-wave length, respectively. 
Orientation of the phase child 12 is carried out by pi/8-i-epsilon, and orientation of the phase child 22 is 
carried out by 3pi/8-epsilon. An isotropic condition (zero orientation) is formed by decreasing the litter 
dance of both components to zero in electro-optics. 

90 achromatism rotation is realized in case a litter dance is the half-wave length. An usable adjustable 
birefringence liquid crystal cell contains in this invention the nematic liquid crystal which carried out 
homogeneous orientation, a nematic pi eel, and the smectic liquid crystal cell which carried out the 
homeotropic orientation. 

The gestalt of operation of drawing 3 a and drawing 3 b is more desirable than the gestalt of operation of 
drawing 3 c in some respects. The configuration is still easier, in order to replace with two active eels and to 
use one liquid crystal cell. Furthermore, the change rate of a smectic liquid crystal is quick in a nematic 
several figures twist usual state. 

In explanation of the following related with a design parameter, the gestalt of one operation is used as a 
typical device shown in drawing 3 a and drawing 3 b, and a design parameter is applied to the gestalt of both 
operations. 

Achromatism shutter An achromatism shutter is formed when the rotator has been arranged between two 
polarizers 90 degrees, as shown in drawing 4 . The polarizer 30 arranged ahead of a rotator switch offers the 
input linearly polarized light. In the gestalt of this operation, the polarizer 40 arranged behind a rotator 
switch lies at right angles to an input polarizer. In a rotator switch ON state, 90 achromatism rotation of the 
input beam of light which polarized x times forms a shutter ON state, and this shutter ON state has the high 
permeability which passes the output polarizer carried out y orientation. In a rotator switch OFF state, a 
rotator shows isotropy and does not form rotation. Therefore, the input beam of light which polarized x 
times forms a shutter OFF state by being intercepted with a light analysis polarizer (Analyzing polarizer). 
In the case of two or more polarizers each other arranged in parallel, the 90-degree rotation ON state of a 
rotator switch forms the OFF state of a shutter. Generally, when adjustment with two phase children's 
appropriate distribution is shown, the isotropic condition of a rotator switch realizes achromatism still higher 
than a rotation condition 90 degrees. Therefore, based on any of the maximum permeability in a shutter ON 
state, and the maximum cutoff in a shutter OFF state are realized, it chooses whether two or more polarizers 
are made parallel or it is made to intersect perpendicularly. 
General rotator (General Rotator) 

The achromatism polarization rotator of this invention can be designed that angle of rotation beta of 
arbitration should be realized. 

At the ON state of a general rotator, they are two half- wave length phase children, alpha 1 =beta/4+epsilon 
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(1) 

Orientation is carried out by alpha2=3beta/4-epsilon, respectively. With the gestalt of the 1st operation, one 
side of the two phase children is pivotable, and another side is passive. In an OFF state, two phase children 
intersect perpendicularly mutually by changing a pivotable phase child, case the 1 st phase child is active - 
said - the 1st phase child - alphal' it changes to =alpha2+pi/2. case [ furthermore, ] the 2nd phase child 
is active - said the 2nd phase child -- alpha2' - it changes to =alphal+pi/2. With the gestalt of the 2nd 
operation, both the phases child is a variable-phase child, and this variable-phase child has a half-wave 
length litter dance by the ON state, and has a zero litter dance by the OFF state. 

In many applications, 45-degree (pi/4) rotation is desirable. Based on a formula 1, by the ON state, as shown 
in drawing 5 a, orientation of the two phase children 13 and 23 is carried out to alpha l=pi/16+epsilon, and 
alpha2=3pi/16-epsilon, respectively. In an OFF state, the 1st phase child is changed to alpha 1 -- 5 pi/ 16- 
epsilon, or the 2nd phase child is changed to alpha2'=9pi/16+epsilon. In the case of which [ these ], 3pi / 
8+2epsilon (about 70 degrees) rotation of an optical axis are needed. Rotation of less than about 50 degrees 
is possible for a smectic liquid crystal cell in a usual state. The mode of this invention is based on an 
understanding [ differences / alphal and alpha2 ] that only pi/2 (pi/4 changes, respectively) of multiples can 
increase, without changing the function of a rotator. The sign of epsilon changes in pi/2 of odd times. 
Therefore, formula which defines a still more general rotator 4+(-l) nepsilon-npi [ alpha l=beta/]/4 It is 4-(- 
1) n epsilon+n pi [ alpha2=3beta / ]/4, and n is a non-negative integral exponent. In an OFF state, it is based 
on any of the two phase children are active phase children. It is set to alpha2-alphal+pi/2 , or 
alphal -alpha2+pi/2. 

It is beta= 45 degrees, and in the case of n= 1, by the ON state, as shown in drawing 5 b, orientation of the 
two phase children 14 and 24 is carried out to alpha l=-3pi/16-epsilon, and alpha2=7pi/16+epsilon, 
respectively. In an OFF state, the 1st phase child is changed to alphal --pi/ 16+epsilon, or the 2nd phase 
child is changed to alpha2'=5pi/16-epsilon. Each of these needs pi / 8+2epsilon rotation of an optical axis. 
The same orientation of two opticals axis in an OFF state is realizable when only 7pi / 8-2 epsilon makes it 
rotate in the direction which conflicts mutually. It can depend for selection of n and a hand of cut on the tilt 
angle of the liquid crystal ingredient of arbitration. 

Design optimization In the following analysis, the Jones matrix which penetrates the optical field through a 
two 90 wavelength plate rotator switch (Two-waveplate 90-degree rotator switch) is formed. Subsequently, 
a specific ON state configuration and a specific OFF state configuration are evaluated based on a general 
formula. After forming a design formula, the specific example of the shutter which uses CSLC and a 
polymer ingredient is analyzed. Other angle of rotation can be analyzed based on this approach. 
Jones matrix which generally spreads the complex clinical recording cyanogen field amplitude (Complex 
cartesian field amplitudes) through 2 wavelength-plate structure W-W (gamma2, alpha2) W (gammal, 
alphal) 

the general Jones matrix to the linear phase child to whom is given as be alike and W (gamma, theta) has 
Retardation gamma and Orientation theta — namely 

(cos r /2— icos2fl sin r /2 — isin20 sin r /2 \ 



W(r,0) 



— isin2£? sin y /2 cos r S2 + icos20 sin r /2 



It comes out. 

In an ON state, the broadband beam of light which carries out incidence and by which the plane polarized 
light was carried out is ideally rotated to an orthogonal-lines condition. Analysis of an ON state is simplified 
by assuming being formed from the same ingredient with which two phase children have common main 
wavelength. Under these conditions, it is retardation. Being able to express by gammal =gamma2= pi+delta, 
delta is balking which is dependent on wavelength from an ideal half-wave length litter dance, 
the time of two design parameters forming a rotator — important — said - the difference angle between two 
phase child orientation where two design parameters mainly determine angle of rotation — that is, (alpha2- 
alphal), it is in the orientation of the bisector which has big effect on the chromaticity of structure, 12 [ i.e., 
(alpha2+ alphal), ]. 

it is chosen by the bisector to which orientation of the symmetry arrangement was carried out by pi/4 based 
on a reason clear from analysis of Poincare sphere transparency - namely, - alphal -alpha They are 
alpha2=pi/2-alpha. carrying out the multiplication of the two Jones matrices an ON state matrix - namely 

W- >JL 1 ' (2) 

-Ible 1 * a J 
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it ****** — having — a companion train — setting — a=sin2 (delta/2) +cos(4alpha) cos2 (delta/2) b=sin 
(4alpha) cos2 (delta/2) +isindeltasin (2alpha) ~ coming out - it is - further - It is phi=tan -1 [sec(2alpha) 
tan (delta/2)]. On design wavelength, a Jones matrix is a pure rotator and polarization rotation is twice the 
magnitude of the include angle between two or more opticals axis. This can be proved by substituting delta= 
0 to the aforementioned matrix. 

In 90-degree polarization rotation, it is alpha= (pi/8+epsilon). alpha l=pi/8+epsilon It is set to alpha2=3pi/8- 
epsilon, and epsilon is corniculus to determine. This include angle determines the range with which two or 
more radii which show conversion by each wavelength plate on the Poincare sphere, respectively lap. In two 
wavelength which two or more radii cross, it is shown mathematically that the rotator which functions as a 
rotator 90 perfect degrees can be formed. 

Drawing 6 shows the comparison of the transmission function of two or more easy achromatism shutter ON 
states, the ON state permeability whose conventional CSLC shutter (refer to drawin g 1 ) is the second order 
in the gap from a half-wave length litter dance — namely, — TON(delta) =l-sin2 (delta/2) (3) 
It provides. The transmission function of a formula 3 is graph-ized in drawing 6 A. By using this technique, 
high contrast is realizable, and this is realized, although the transparency by the ON state is substantial 
achromatism. The latter prevents the high contrast neutral OFF state in an parallel polarizer configuration. 
Furthermore, the variation of the small thickness of LC film on opening invites the birefringence color 
variation which can be checked by looking. 

This operation can carry out a direct comparison with an operation of the achromatism rotator structure 
which uses the Jones matrix of a formula 2. The transparency reinforcement of a rectangular polarizer 
shutter is given by the off-diagonal component (Off-diagonal component), T(delta, epsilon) =|b|2 [ i.e., ]. 
This assumes the ideal polarizer (uniform permeability and infinity contrast in alignment with the y-axis) 
made into the input beam of light which has the uniform amplitude, and which was carried out x****sy 
orientation, a transmission function — a general formula — namely, — TON(delta, epsilon) =l-[sin2(delta/2)- 
cos2(delta/2) sin(4epsilon)]2 (4) 
It is passed and simplified. 

Although KOESUTA considered the rotator of epsilon= 0 un- achromatizing, it is necessary to note the point 
of having realized the big improvement compared with the conventional technique the equipment of this 
invention uses one phase child, the permeability on the strength between two or more polarizers which 
intersect perpendicularly mutually by substituting epsilon= 0 to a formula 4 — namely, — T(delta, 0) =l-sin4 
(delta/2) is given. 

The transmission function in epsilon= 0 is plotted by drawing 6 B. This rotator is the point which may 
penetrate an orthogonal-lines condition completely only in one wavelength, and is similar to one phase child 
by whom pi / 4 orientation were done. However, a big achromatism compensation is attained by symmetry 
arrangement of a rotator, and one phase child cannot realize this. That is, although the reorientation of 
polarization doubles, the elliptically polarized light formed on specific wavelength of one phase child is 
sharply compensated by the 2nd phase child. This realizes a band [ still larger than one phase child ] of 
operation so that clearly from force order DIPENDENSU (Fourth-order dependence) to delta. 
Furthermore, a large band of operation is attained by choosing a non-zero value as epsilon, and this 
increases the requirements for a tilt angle, the following conditions corresponding to two wavelength of 90- 
degree polarization rotation based on the general transparency type of a formula 4 — namely, — The full 
transparency in sin(4epsilon) =tan2 (delta/2) is realized. By substituting this relation to the Jones matrix of a 
formula 2, the point that a matrix is a matrix of a 90-degree rotator becomes clear apart from the straight- 
line litter dance of 2phi. In the case of the achromatism shutter which penetrates the beam of light which 
inputted the beam of light by which x orientation was carried out, and was carried out y orientation, 
permeability is 100% theoretically in two wavelength. Furthermore, a polarization condition is changed by 
retardation 2phi in a general input. 

Furthermore, as a sacrifice in respect of [ about large achromatism bandwidth ] the engine performance, the 
permeability reduction (Transmission dip) in a phase child's design wavelength is mentioned. This 
originates in increase of the value of epsilon meaning reduction of the rotation effectiveness in design 
wavelength. By substituting design wavelength to a transmission function, transmission loss in the design 
wavelength expressed with TON(0 epsilon) =cos2 (4epsilon) is done. 

Based on distribution of the phase child ingredient in an object band, and selection of half- wave length core 
wavelength, selection of epsilon means compromise between bandwidth of operation and maintenance of 
the rotation effectiveness in design wavelength. 
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The transmission function in epsilon= 2.5 degrees is plotted by drawing 6 C. A plot shows clear separation 
of two or more perfect transmitted wave length and the transmission loss in design wavelength. 
The example of the rotator switch which uses a distributed ingredient is explained in full detail below that 
selection of Corniculus epsilon should be optimized. In the estimate of corniculus, achromatic condition is 
epsilon= (delta/4) 2 mostly. 

the Wu model (Wu's model) (it indicates to Phys.Rev.A33 and 1270[1986]) concerning [ this ] birefringence 
distribution — substitution — possible — this — achromatism — wavelength lambda — the amendment angle 

— (A Rfi A 0 + A )(A 0 ~A RB ) 



e = 

as a function of R and B — namely 



4 ^■o^k.s " ^ ) 



(5) 



********** and aforementioned lambda* are the average UV resonance wavelengths of an ingredient, and 
lambda 0 is half-wave length design wavelength. Smectic C* ingredients, such as ZLI-3654 (IMERUKU), 
have the tilt angle of 25 degrees at a room temperature, and this makes the value of epsilon= 2.5 degrees 
possible. By using a formula 5, this realizes ideal effectiveness in lambdaB=435nm and lambdaR=615nm (it 
has 179nm spectrum separation). The desirable maximum of epsilon is an include angle which offers 
lambdaB and lambdaR in the edge of the request operating range of a rotator. The thing of operating range 
which two permeability maximums belong inside farther is desirable, and the permeability covering the 
whole operating range serves as max by this. It is 0<=epsilon<=5 times at a usual state. 
In selection of a suitable ingredient, it is necessary to take into consideration distribution of a CSLC 
ingredient, and the magnitude of distributed adjustment of two ingredients which realize the optimal OFF 
state engine performance. Be formed when the OFF state of a device makes two half-wave length phase 
children intersect perpendicularly mutually, and be shown in drawing 3 a. alpha l=pi/8+epsilon 
alpha2=5pi/8+epsilon is given. When two or more phase children who ignore the source of other loss and 
have the same half- wave length core wavelength and who intersected perpendicularly mutually are assumed, 
the Jones matrix of an OFF state can be easily explained as a linear phase child who has orientation alpha= 
(5pi/8+epsilon) and retardation delta= (delta2 -delta 1). When two or more phase children's distribution has 
consistency mutually, an OFF state turns into an ideal situation. In fact, contrast decreases by the spatial 
variation of the thickness of LC, and lack of the distributed adjustment between an active film and a passive 
film. 

When it forms from two or more ingredients which have birefringence distribution which is mutually 
different in a rotator (i.e., when the main wavelength of two or more ingredients is not equal), a residual 
litter dance decreases contrast. The shutter device which consists of the CSLC film and the passive film 
which have the same half-wave length core wavelength as a mutually different property, respectively is 
explained in full detail below. It is a litter dance when the Wu model about a birefringence in case each 

A " 



A = 7T 



(A 2 -Ag)(A?-A; 2 ) 

2 i*2w,2 i*2 



ingredient has a specific resonance wavelength is used, 0 A i A A 2 /_ 

Be alike is given and lambda 1 * and lambda2* show the average UV resonance wavelength of two 
ingredients, respectively. Based on the orientation offered to the OFF state of a shutter, a Jones matrix offers 
the permeability 2 (delta/2) of the structure between two or more polarizers which intersect perpendicularly 
mutually on the strength, i.e., TOFF=l/2[l+sin(4epsilon)] sin. This formula offers the criteria over the 
distributed adjustment between two phase children. 

Example [ ] 1 explain the design of a visible-ray band shutter in full detail below. This visible-ray band 
shutter uses an achromatism rotator switch among two or more polarizers which intersect perpendicularly 
mutually, and has the following engine-performance specifications and material properties. 
Liquid crystal: lambda*=243nm passivity phase child: Nitto NRF polycarbonate design wavelength which 
has lambda*=186nm: lambdaO- 500nm spectral range : permeability Contrast-ratio: 100:1 min which 
exceeds 97% in 430-680nm By using the aforementioned contents of analysis, it can be said that CSLC 
which modulates orientation between 65 degrees (ON) and 1 1 5 degrees (off) is suitable. Orientation of the 
passive phase child film (passive phase contrast film) is carried out at 25 degrees to the input polarizer. 
Drawing 7 and drawing 8 show the ON state and OFF state which were formed of Computer modeling 
based on the aforementioned numeric value, respectively. 

When the aforementioned selection of epsilon (2.5 degrees) is used, permeability reduction is 3% in design 
wavelength. Achromatism bandwidth is defined by the blue / red wavelength of the extremal value 
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corresponding to 3% loss in permeability. As shown in drawing 7 , this is generated in the wavelength which 
exceeds 415nm and 700nm, respectively, and this supports the achromatism bandwidth of the magnitude 
which exceeds 285nm. The conventional CSLC shutter which has a core in 500nm for the purpose of a 
comparison has 97% bandwidth of 70nm (the range of 469-539nm). Compared with an easy CSLC shutter, 
this increases achromatism bandwidth by 4 or more times. 

Drawing 8 shows the computed OFF state permeability. What this result was maintained by the value to 
which contrast exceeds 500:1 over 177nm (range which is 455-632nm), and was maintained for by the value 
which exceeds 200:1 over the range (range which exceeds 438 to 700nm) which exceeds 262nm is shown. 
By long wave length, contrast falls gently from design wavelength. However, it originates in the remarkable 
increase and the distribution of sensibility to wavelength, and the rapid fall of contrast is generated in the 
blue wavelength of extremal value. For example, in 38nm (the range of 438-400nm), contrast fell from 
200:1 to 36:1 . This can be somewhat compensated if needed by decreasing design wavelength. 
The achromatism shutter was verified by experiment that the engine performance predicted based on 
Computer modeling should be checked. The CSLC device was formed using ZLI-3654 ingredient currently 
sold from IMERUKU. Spin coating of the substrate of the thickness of 44mil covered with ITO (indium 
stannic-acid ghost) was carried out by nylon 6/6, and rubbing processing was further carried out to the one 
direction after annealing. Two or more glass spacers which have the diameter of 1 .9 microns were sprinkled 
to homogeneity over the whole front face of one substrate, and ultraviolet-rays hardenability adhesives were 
printed on the inside of the substrate of another side. The gap was formed among two or more substrates by 
applying a uniform pressure and subsequently performing ultraviolet curing processing. The CSLC 
ingredient was poured into the bottom of a vacuum within the isotropic phase using capillarity, and, 
subsequently it cooled slowly to C* phase. Two or more lead wire was attached in ITO after cooling, and 
edge sealing of the device was carried out. The CSLC eel had the half-wave length litter dance in about 
500nm. 

It is the Oli El quartz halogen lamp (Oriel quartz halogen lamp) about a semi- parallel ray. 
since — it irradiated and structure was inspected by subsequently analyzing the transmitted light using an 
undoing spectrum analyzer system. Incidence of the broadband input beam of light by which the plane 
polarized light was carried out was carried out, and the parallel Gulan-Thompson polarizer was used that an 
output should be analyzed, above **** for instruments - by things, where a polarizer is inserted, the source 
was analyzed first and, subsequently was stored. The switch was inserted in between two or more polarizers, 
and it rotated mechanically during 1 Hz modulation until high contrast was obtained further. An output 
shows the description of a device, and loss by two Fresnel sides and two ITO films. 
Before the assembly to an achromatism rotator, the liquid crystal device was used that the result on the 
theory shown in drawing 2 should be verified. The device was changed between the ON state and the OFF 
state among two or more polarizers each other arranged in parallel. The device was driven by the 5-volt 1Hz 
square wave during the scan of a spectrum that DC drift in a molecule director's orientation should be 
prevented. Since two or more polarizers of each other are arranged in parallel, a spectrum is in the OFF state 
which realizes achromatism as it is reversed to drawing 2 and is shown in drawing 9 a. Since a device was a 
half-wave length phase child in one wavelength, high contrast and null were checked by 500nm, and big 
leakage was checked in other visible-ray wavelength. 

Subsequently, the CSLC device was assembled to the achromatism rotator. The device has been arranged 
into the light box which has two or more polarizers arranged by intersecting perpendicularly mutually, and a 
fluorescence back light. It was made to rotate by using a 5-volt amplitude signal until it modulated a device 
by the square wave by 20Hz and a zero flicker was accepted. 

This supports the symmetry change of the molecule director about a polarizer. Subsequently, the device was 
fixed in this orientation and whenever [ browning governing ] was decreased to less than 1Hz. The output 
was measured stationing the NRF polycarbonate phase child (phase contrast plate) (half-wave length in 
500nm) who has the adhesives currently sold from Nitto at the rear face to up to a device, and rotating a 
child in phase. When two or more phase children were made to intersect perpendicularly mutually, a high 
contrast neutral and null were detected. The polarity of another side formed the neutral ON state. By 
changing an analyzer to an parallel polarizer configuration, the neutrality and contrast of a condition of 
another side were detected. Ideally, a 90-degree rotation condition forms high contrast and null among two 
or more polarizers each other arranged in parallel. When both conditions satisfied requirements, the CSLC 
substrate was washed in IPA and the phase child was attached. This was realized by pressing a film 
mechanically with a roller from the edge that while should prevent enclosure of air bubbles. The device was 
analyzed after this process using the aforementioned diagnostic setup. 
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Drawing 9 b and drawing 10 show the parallel polarizer permeability of an achromatism rotator. In case a 
rotator switch is a 90-degree rotator, the OFF state of a shutter is realized by using an parallel polarizer. The 
ON state supports direction configurations (Crossed retarder isotropic configuration), such as a rectangular 
phase child. The OFF state is well adjusted with the result of the model shown in drawing 7 (reversal). 
Drawing 9 b shows two Nur wavelength predicted in design analysis, and the leakage in design wavelength. 
Two null realizes the engine performance superior to the modulator which uses one phase child who shows 
drawing 9 a. The leakage in design wavelength and a band edge of operation is 3%, and this improves the 
engine performance over all visible-ray spectrums. Furthermore, in the case of a narrow band of operation, it 
is usable in still smaller epsilon, and this realizes the still higher engine performance. It is epsilon<=3 times 
at a usual state, and is epsilon= 0 in a very narrow band of operation. Drawing 10 shows the ON state and 
OFF state of a device which are located among two or more parallel polarizers. Since two or more phase 
children intersect perpendicularly mutually and are stationed, they can expect the high permeability of an 
ON state. The modulation of the transmission in an ON state and increase of the loss in blue originate in the 
Fabry-Perot enhancement (Fabry-Perot enhancement) of ITO film absorption. 

Example [ ] 2 the achromatism in the main, still longer wavelength which invites a sharp reduction of CSLC 
distribution by use of a shutter, many bands of operation are possible. For example, computed 97% 
permeability bandwidth in the shutter which has a core in 600nm is about 400nm (the range of 480-880nm). 
It is [ whether the 97% permeability bandwidth of a CSLC shutter easy on the other hand is slight, and ] 
1 50nm (the range of 540-690nm). The long wavelength achromatism rotator which has the design 
wavelength of 730nm was formed like what was indicated for Example 1. 

Drawing 1 1 and drawing 12 show the permeability with which the achromatism rotator arranged among two 
or more polarizers each other arranged in parallel was detected, respectively. The shutter was optimized that 
high parallel polarizer effectiveness in 600-850nm band should be realized. Drawing 12 showed the leakage 
of less than 1% over this whole band. 

Device application The achromatism shutter of this invention is usable to the application represented by a 
CCD camera, an eye protective device (Eye protection systems), the glass of a virtual reality system, the 3 
color shutter in a field sequential type display (Three-color shutters), beam SUTEARA (Beamsteerers), 
diffraction OPUTIKUSU (Diffractive optics), and increase of the brightness of LC flat panel display. 
The achromatism rotator is usable to a switch and a polarization independent switch (Polarization 
independent switches) with a polarization splitter. When the rotator switch which has the polarization 
splitter 41 shown in drawing 13 is used, outgoing radiation of the broadband beam of light is carried out 
from either of the two ports by choosing the polarity of the electric field to impress. Drawing 1 3 shows the 
longitudinal section of two or more components with a rectangle box, respectively. The litter dance and 
orientation of a birefringence component are shown in the upper part and the lower part of a box, 
respectively. When two or more components can be rotated between two or more orientation, a comma 
divides and shows both orientation in a box. In case it originates in the neutrality of a rotator and a 
rectangular polarizer output forms a bright (dark) condition, the output of an parallel polarizer forms a dark 
(bright) condition. Furthermore, it is [ that the modulation between the ON state of two or more adjoining 
pixels and an OFF state should be carried out ] usable in the patternized polarizer (Patterned polarizer) by 
using the device which does not have the patternized electrode. 

In much display applications, it is usable to a multiple pixel array at the transparent mode which shows an 
achromatism shutter to drawing 14 . In drawing 14 , the CSLC eel is formed between two substrates 50 and 
60. An electrical potential difference is a transparent electrode 70 and the pixel-ized transparent electrode 
(Pixellated transparent electrode). 

It is impressed through 80. The pixel-ized electrode can activate two or more pixels separately. In the gestalt 
of this operation, two polarizers 30 and 40 lie at right angles mutually. An array is irradiated by the back 
light assembly and its collimation with a lens is possible for this back light assembly. The display was 
observed about permeability. 

Many devices known in the technical field concerned can improve by using the achromatism rotator of this 
invention, one phase child — the achromatism of this invention — as the criteria for permuting by the rotator 
switch — said — one phase child is a half-wave plate, or it is necessary to function as a polarization rotator 
(example: twist nematic eel) furthermore - said - one phase child requires being arranged in the location in 
the device in which input polarization turns into the linearly polarized light, and known orientation is shown. 

The achromatism rotator switch of this invention fits especially the application that needs the digital change 
of a broadband beam of light between known input polarization orientation and output polarization 
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orientation. Therefore, this achromatism rotator switch fits especially use within the device which adjoins a 
linearly polarized light child and has this switch. Although it is the same as the achromatism variable-phase 
child and functional target in shutter application, it is not necessary to make a rotator replaceable with a 
variable-phase child. For example, when an input polarization condition is unfixed, a rotator switch may not 
function appropriately as an achromatism switch between two or more passive phase contrast plates. 
Since the achromatism of a rotator switch may increase the throughput covering the whole visible-ray 
spectrum, and color contrast (this color contrast determines saturation), especially this achromatism is 
effective for a color filtering device. In the polarization interference filter currently indicated by U.S. Pat. 
No. 5,132,826, No. 5,243,455, and No. 5,231,521, the pivotable smectic liquid crystal phase child and the 
passive birefringence component by which orientation was preferably carried out at 45 degrees, respectively 
are arranged between the polarizers of a pair. In the split component polarization interference filter of U.S. 
Pat. No. 5,528,393, the main phase child (Center retarder) by whom orientation was done at 0 times or 90 
degrees, and the split component phase child of the pair by which orientation was carried out at **45 
degrees are stationed between the polarizers of a pair. The pivotable liquid crystal phase child is added to 
the split component or the main phase child. Each pivotable liquid crystal phase child of the aforementioned 
polarization interference filter is as replaceable as the achromatism rotator switch of this invention, 
the [ international patent application ] — the liquid crystal enantiomorph switch (Liquid crystal handedness 
switch) and color filter which are indicated by PCT/US 94/No. (the [ international patent application public 
presentation ] WO 95/No. 10065) 1 1326 — the achromatism of this invention ~ it is improvable by using a 
rotator. A circular polarization of light enantiomorph switch (Circular polarization handedness switch) 
contains the quarter-wave length plate by which orientation was carried out to the linearly polarized light 
child and the liquid crystal half-wave length phase child pivotable between 0 times and 45 degrees at 45 
degrees. A color filter uses an enantiomorph switch with one or more color polarizers, such as a cholesteric 
circular polarization of light child. It is as replaceable as the achromatism rotator switch of this invention in 
the easy pivotable liquid crystal phase child currently explained in full detail in enantiomorph switch 
invention. 

Furthermore, the achromatism rotator switch is [ that the color shutter which uses a linearly polarized light 
switch should be improved ] usable. A linearly polarized light switch contains the 1 st linearly polarized light 
child and a half-wave length phase child pivotable between 0 times and 45 degrees. The 2nd linearly 
polarized light child is prepared following the linearly polarized light switch that a color shutter should be 
formed. Inside it is the 1st linearly polarized light child and the 2nd linearly polarized light child, either at 
least is a straight-line color polarizer (Linear color polarizers), a straight-line color polarizer — the 
[ international patent application public presentation ] — they may be the multicolor linearly polarized light 
child currently indicated by WO 95/No. 10065 or a polarizer phase child stack (it Polarizer retarder stack 
and omits and PRS is called) color polarizer. A multicolor polarizer film penetrates a color in accordance 
with one polarization shaft, and penetrates the white light in accordance with the polarization shaft of 
another side. That the color polarizer which penetrates a different color in accordance with each shaft should 
be formed, two films are made to intersect perpendicularly mutually, and can be laminated. PRS has a 
linearly polarized light child and two phase children or more. In this PRS, the quantity of the phase child in 
a stack, and litter dance and orientation of a child in phase are set up that an additive-primary-colors 
spectrum (Additive primary color spectrum) should be penetrated in accordance with the 1 st polarization 
shaft, and a complementary subtractive-primaries spectrum (Complementary subtractive primary color 
spectrum) should be penetrated in accordance with the 2nd polarization shaft which intersects 
perpendicularly with the 1 st polarization shaft. It is indicated by the United States patent application 08th for 
which it applied on May 23, 1995 / No. 447522, and a PRS technique is this United States patent application 
08th / No. 447522. 

****** should be indicated in this detail letter with this indication The rotator switch of this invention can 
be used as a substitute of the easy CSLC polarization switch currently indicated by the United States patent 
application 08th / No. 447522 and an achromatism half-wave length switch. 

The achromatism rotator switch of this invention can be used that other color filters known in the technical 
field concerned represented by the color filter currently indicated by U.S. Pat. No. 5,347,378 [ / else / C / 
hand ] and U.S. Pat. No. 5,089,905 by SASAKI, respectively should be improved. These color filters have a 
linearly polarized light child and a pivotable liquid crystal phase child. In the gestalt of some operations, this 
color filter has a multicolor polarizer. With the gestalt of other operations, this color filter has further the 
2nd linearly polarized light child and passive birefringence component. The easy pivotable liquid crystal 
phase child currently indicated by these reference is as replaceable as the achromatism rotator switch of this 
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invention. 

A time multiplexer is possible for the color filter which uses the rotator switch of this invention. In this case, 
an output color is changed with a time scale quicker than a detector with slow rates of reaction, such as 
people's eye. Furthermore, a color filter may have the stage of the quantity which exceeds one. In this case, a 
stage begins from a linearly polarized light child. 

the achromatism of this invention — a rotator switch and achromatism — a majority of other applications of a 
shutter become clear easily for this contractor, and are contained within the limits of this invention. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/1 5/2005 



JP, 1 1 -5 1 5 1 1 7, A [DRAWINGS] 



Page 1 of 1 6 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[ Drawing 3 a] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 9] 
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Fig. 9b 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/15/2005 



JP, 1 1 -5 1 5 1 1 7, A [DRAWINGS] 



Page 13 of 16 




m 




400 



[Drawing 1 1 ] 

r.oo 



0.75- 



$g 0.50- 



0.25 



O 



[Drawing 12] 



(nm) 



Fig. 10 



il&M (nm) 



Fig. II 



700 




http ://www4 . ipdl .ncipi . go .jp/cgi-bin/tran_web_cgi_ejj e 



12/15/2005 



JP,11 : 515117,A [DRAWINGS] Page 14 of 16 

0.03- 

Gfifl 

jj$ 0.02- 




Fig. 12 

[Drawing 13] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/15/2005 



. JP,1 1-5151 17, A [DRAWINGS] 



Page 15 of 16 




[Drawing 14] 
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